Recent articles published in peer review journals have questioned the safety of using aprotinin in patients having heart surgery. Also, evidence has been published to suggest an increase in renal events in patients given aprotinin when compared to those where tranexamic acid was used. The present review will focus principally on the first of these articles in relation to previously published data and experience.
Introduction
A recent article [1] and accompanying editorials [2, 3] in the New England Journal of Medicine (NEJM) have questioned the safety of using aprotinin in patients having heart surgery. A second article [4] has also suggested an increase in renal events in patients given aprotinin when compared to those where tranexamic acid was used. The present review will focus principally on the first of these articles in relation to previously published data and experience.
Efficacy
There are over 30 publications from randomized placebo-controlled studies of the use of a high dose aprotinin regimen, as described in 1987 [5] , in a variety of heart surgeries. These studies, together with two meta-analyses [6, 7] have shown that aprotinin is unique in reducing transfusions and the rates of return to the operating theatre to control bleeding after heart surgery.
For the Cochrane review [6] 61 trials evaluated aprotinin, of which 55 were in patients undergoing cardiac surgery with 3814 patients randomized to receive aprotinin and 2755 patients randomized to a control group. Relative risk (RR) of transfusion was reduced by 30% (RR 0.71; 95% CI 0.66-0.77; P Ͻ 0.0001). In 27 studies evaluated, 29 of 1758 patients were returned to theatre for re-exploration for bleeding in aprotinin treated patients compared with 58 of 1152 patients included in the control arms of these studies (RR 0.40; 95% CI 0.25-0.66; P ϭ 0.0003). Sedrakyan and colleagues [7] performed a meta-analysis of 35 prospective, randomized controlled trials (n ϭ 3879) that evaluated clinical outcomes in isolated coronary artery bypass grafting (CABG) patients administered aprotinin. Aprotinin reduced transfusion requirements by about 40% (RR 0.61; 95% CI 0.58-0.66) compared to placebo. Aprotinin is the only drug with this Class A Level 1 evidence for efficacy.
The absolute mechanism of action of aprotinin is unknown. However it is clear that this agent is also unique by reducing transfusion burden in a wide variety of surgeries in addition to cardiac procedures such as major orthopaedic [8] , thoracic [9] and hepatic resection [10] and transplantation [11] .
Unfortunately in the article critical of aprotinin [1] there are no transfusion data. The only efficacy data shown are mean and standard deviations of 'estimated blood loss' (this was not defined). This estimated loss was reported as not showing a statistically significant difference between treatment groups but the data showed wide variability. For example, in the patients allocated to tranexamic acid, the standard deviation of the mean (741 mL) was greater than the mean loss (676 mL).
Safety
Individual studies conducted principally for regulatory approval. Because aprotinin had no license for use in any indication within the USA the Food and Drug Administration required certain pivotal studies to determine both efficacy and safety. These studies included eligible data from 1723 patients. The results of those studies have been published separately [12] [13] [14] [15] [16] and as grouped data [17] .
These data showed no increase in the incidence of ischaemic events such as myocardial infarction and a possible decrease in the incidence of stroke. Also published [18] is an analysis of pooled data (n ϭ 2283) from all sponsored US clinical trials in patients undergoing primary or repeat coronary revascularization and valvular surgery. This demonstrated a significant reduction in the incidence of stroke in patients receiving full-dose aprotinin compared to placebo, 1.0% vs. 2.4% (P ϭ 0.027).
The largest and most comprehensive study on saphenous graft patency was the International Multicentre Graft Patency Experience (IMAGE) trial [16] . Patients having isolated first time CABG through a median sternotomy were randomly allocated to receive high dose aprotinin [5] (n ϭ 436) or placebo (n ϭ 434). There was no observed difference in mortality (aprotinin 1.4% vs. placebo 1.6%), patency of internal mammary artery bypass grafts (aprotinin 98.2% vs. placebo 98%), or definite myocardial infarction/ischaemia (MI) (aprotinin 2.9% vs. placebo 3.8%).
Patients had angiography to assess graft patency at a mean of 10.8 days (median 7 days; maximum 91 days) after surgery. Angiograms were read by an independent group of cardiologists blinded to the treatment group. Overall 90 patients had an occluded vein graft. Of these 22 had both an occluded vein graft and MI (11 aprotinin, 11 placebo). Only 6 patients in the study had more than one occluded graft. Saphenous vein graft occlusion occurred more often in patients allocated to aprotinin (15.4%) than to placebo (10.9%) (Risk ratio 1.5; 90% CI 1.1-2.1; P ϭ 0.03). It is recognized that early vein graft patency is affected by many factors related to the conduit used (artery vs. vein), the target vessel (position, small size and poor distal vessel quality) and patient characteristics (female gender and use of anti-aggregatory therapy such as aspirin). When these factors were included in the analysis, the effect of aprotinin therapy was removed as a risk for vein graft closure.
With regard to renal impairment, in the studies used for regulatory approval a proportion of patients develop a short-lived postoperative increase in serum creatinine following cardiac surgery. The definition used of an 'abnormal rise' was Ͼ44 µmol L Ϫ1 (0.5 mg dL Ϫ1 ) above the baseline value. This occurred in about 10-15% of patients having primary revascularization surgery [19] with no statistically significant differences between aprotinin treated and placebo groups. Plasma creatinine tended to be higher in aprotinin treated patients when compared with the placebo population from about day 4 postoperatively [19] . However, the values were not usually outside the normal range and had returned to baseline values by the 14th postoperative day. In patients with a creatinine у124 µmol L Ϫ1 (у1.4 mg dL Ϫ1 ) preoperatively, the incidence of a rise of у44 µmol L Ϫ1 (0.5 mg dL Ϫ1 ) was 18.5% of patients with aprotinin and 15% in the placebo patients [19] . Two patients in the aprotinin treated group had a rise in creatinine of Ͼ177 µmol L Ϫ1 (2.0 mg dL Ϫ1 ). These patients were found to have also received aminoglycoside antibiotics in the postoperative period. A formal study of this potential interaction [20] showed that high dose aprotinin therapy alone had no significant effect on postoperative creatinine or Cystatin C (a sensitive marker of tubular injury) concentrations. However this became significant when aprotinin was combined with vancomycin and 48 h of gentamycin therapy suggesting that aprotinin and aminoglycosides should be used together with caution. The incidence of an abnormal rise in creatinine was higher (about 15-20%) in those patients having repeat surgery through a prior sternotomy [12, 14] and again there was a trend for the duration of this rise to be more prolonged. However this rise was again not statistically significant between treatment and placebo groups and in one study was also associated with a non-significant increase in creatinine clearance [12] .
A significant rise in creatinine by the third postoperative day is however more likely to be observed with higher risk surgery such as after implantation of a Left Ventricular Assist Device (LVAD) [21] . In this report a significant rise in creatinine (Ͼ0.5 mg dL Ϫ1 ) was observed in nearly 40% of 42 aprotinin treated patients compared with 14% in the 100 non-aprotinin treated patients (P Ͻ 0.01). Of interest this rise in creatinine was not mirrored by changes in blood urea nitrogen estimations. This short-lived biochemical abnormality did not translate into an increase in the incidence of clinically significant adverse events. Indeed the use of aprotinin was associated with a significantly lower perioperative (7 day) mortality of 11.9% compared to 28% in those not given aprotinin therapy (P ϭ 0.04).
The risk of renal failure requiring continuous support/dialysis associated with aprotinin use appears to be extremely low in more common clinical practice [14, 19, 22] . The study reported by Lemmer and colleagues [19] specifically on the renal effects of aprotinin showed that clinically important renal insufficiency was infrequent (1 of 108 treated and 1 of 108 placebo patients required new dialysis). Compared to the placebo group, no difference was found in serum electrolytes, blood urea nitrogen, urinalysis findings or in the frequency of abnormal creatinine clearance rates. These data have also been shown in studies with lower numbers of participants [23, 24] .
Meta-analyses of efficacy and safety data. The Cochrane Collaboration [6] has published an evidence-based review of randomized controlled trials in adults scheduled for non-emergency surgery conducted to assess the effects of aprotinin, aminocaproic acid and tranexamic acid on perioperative red blood cell (RBC) transfusion. Other outcomes measured included reoperation due to bleeding, mortality and postoperative complications (non-fatal MI, stroke, deep vein thrombosis, pulmonary embolism, any thrombosis, renal failure). Of the 89 trials that met inclusion criteria, 61 evaluated aprotinin, of which 55 were in patients undergoing cardiac surgery with 3814 patients randomized to receive aprotinin and 2755 patients randomized to a control group.
In 28 studies that reported data on mortality, there was a non-significant reduction RR of 13% (RR 0.87; 95% CI 0.63-1.19) in those participants treated with aprotinin (n ϭ 2828) compared to control (n ϭ 2085).
In 20 trials that reported data on non-fatal MI, the pooled RR of sustaining a non-fatal MI in those participants treated with aprotinin (n ϭ 1871) compared to control (n ϭ 1117) was 0.97 (95% CI 0.69-1.36).
In 8 trials that reported data on stroke, the pooled RR of developing a stroke in those participants treated with aprotinin (n ϭ 605) compared to control (n ϭ 373) was 0.43 (95% CI 0.16-1.19). Aprotinin therapy was therefore associated with a 57% reduction in RR of stroke but this did not reach statistical significance.
Of the 13 trials that reported data on renal failure/ renal dysfunction, the risk of developing renal failure/renal dysfunction in those participants treated with aprotinin (n ϭ 2210) compared to control (n ϭ 1566) was not significantly elevated (RR 1.19; 95% CI 0.79-1.79; P ϭ 0.4).
Sedrakyan and colleagues [7] performed a metaanalysis of 35 published, prospective, randomized controlled trials (n ϭ 3879) that evaluated clinical outcomes (transfusion, mortality, MI, renal failure, stroke, atrial fibrillation) in CABG patients administered aprotinin. Aprotinin reduced transfusion requirements by about 40% (RR 0.61; 95% CI 0.58-0.66) compared to placebo.
The analysis showed no increased risk of MI (28 trials, n ϭ 3555) in which 96/2024 aprotinin patients developed an MI vs. 77/1531 with placebo (RR 0.85; 95% CI 0.63-1.14) or mortality (32 trials, n ϭ 3779) in which 53/2149 aprotinin treated patients died against 39/1630 with placebo (RR 0.96; 95% CI 0.65-1.40).
Of note, in aspirin non-users (9 trials, n ϭ 776), 6 of 440 patients developed an MI in aprotinin treated and 13/336 placebo treated patients (RR 0.40; 95% CI 0.17-0.92; P Ͻ 0.05).
Stroke was evaluated in 18 trials (n ϭ 2976). Aprotinin therapy was associated with a 47% reduction in RR of stroke (RR 0.53; 95% CI 0.31-0.90; P Ͻ 0.05).
In the 17 trials that evaluated renal failure/ dysfunction included in this analysis aprotinin therapy was not associated with increased or decreased risks of renal failure (RR 1.01; 95% CI 0.55-1.83).
The interpretation of the data presented in the randomized, blinded, placebo-controlled studies and two meta-analyses was that high dose aprotinin therapy significantly reduced transfusion burden and need for re-exploration, had no statistically significant effect on mortality, MI or renal failure and may be associated with a statistically significant reduction in the incidence of stroke.
Multicentre Studies of Perioperative Ischaemia (McSPI) Research Group and the Ischaemia Research and Education
Foundation (IREF) publications. This group has collected two large datasets. The McSPI epidemiology 1 dataset collected data from 2417 patients having surgical myocardial revascularization in 24 centres in the USA. These data were collected between 1991 and 1993. The epidemiology 2 database collected data between 1996 and 2000 from patients having myocardial revascularization in 70 centres in 17 countries. The database captured data from 5436 patients. Of these 5065 patients data were included in the final dataset. These data have been analysed and published in a number of articles [1, [25] [26] [27] [28] [29] . The publication that has caused most attention is the most recent article published in the NEJM [1] that purports to show the use of aprotinin therapy is associated with a significantly increased risk of MI and heart failure, stroke and encephalopathy in patients having primary isolated coronary revascularization but NOT in those having complex surgery (the licensed indication for the drug). In addition the article claims to show a doubling of the risk for renal dysfunction and need for dialysis in those patients having primary low risk surgery and also in those having complex surgery. The abstract of the article received massive publicity in the media in the USA and has excited the interest of large numbers of malpractice groups.
It cannot be over-emphasized that the McSPI database analysis is NOT from a randomized study but is a retrospective analysis of observational data that were collected prospectively. Selection bias is a major problem with this type of study design. The multiple publications from the same database raise some intriguing issues related specifically to selection bias in analyses from observational studies and the possible effects of that bias.
As the first example, the legend to Figure 3 in the dataset published in 2002 showing a significant benefit of aspirin [25] states 'Antifibrinolytic therapy entailed the use of aprotinin (in 1578 patients), aminocaproic acid (in 1258 patients), tranexamic acid (in 951 patients) or desmopressin (in 61 patients). There were 189 patients who received more than one of these drugs, and 6 patients had missing data on antifibrinolytic therapy'. A total of 1363 patients were stated to have received no antifibrinolytic therapy. These data were from 5022 patients who survived 48 h after surgery (43 died in the early postoperative period for a total n of 5065 patients). Figure 1 of the article published in 2006 [1] from the same starting dataset of 5065 patients shows aprotinin was used in 1295 (⌬ ϭ minus 283 (17.9%) compared to 2002), aminocaproic acid in 822 (⌬ ϭ minus 436 (34.7%)), tranexamic acid in 883 (⌬ ϭ minus 68 (7%)) and no antifibrinolytics in 1374 (⌬ ϭ plus 11 (0.8%)). According to this figure, were excluded data from a total of 691 patients (226 patients receiving multiple drugs (⌬ ϭ plus 37 (19.6%)), 17 (plus 9) without data and 448 who were said to have received an inadequate dose of drug although this criteria is not defined). There are obvious major differences in the data selected when showing a purported benefit of aspirin compared to those showing a deleterious effect of aprotinin even though the original dataset is the same. The potential effect of this in interpreting these articles is discussed further in a subsequent section.
The second issue relates to the effect of selection and exclusion bias and is a consequence of data not being from a randomized study. Allocation of the patient to a specific treatment was at the discretion of the clinicians involved. For this reason it is clear that aprotinin was more likely to be administered if the patient had a perceived higher risk of bleeding and transfusions. The 2006 NEJM article acknowledges that the patients who received aprotinin were at considerably higher risk for worse outcomes in addition to the transfusion risk. Table 1 of the 2006 article lists and compares 27 different preoperative characteristics. For example, reoperation through a prior sternotomy was 5 fold more common in the aprotinin treated patients compared with patients who received no drug, and 3 fold more than those receiving tranexamic acid. Concurrent valve surgery with myocardial revascularization was 2 fold more common with aprotinin compared to no drug or tranexamic acid treated patients. A history of carotid disease was reported about 50% more often in the aprotinin treated than the other two groups. Notably some factors are missing from the list of preoperative risk factors such as patient age, and times of cardiopulmonary bypass (CPB), use of aspirin and the influence of country and centre. This is more surprising given that not only have these data been published by the same authors elsewhere but also these excluded factors have been separately shown in McSPI group publications to have a highly significant impact on renal failure [30] , mortality, heart failure and MI [26] and these four morbidities together with neurological outcomes [25] .
Another less obvious example of bias in the analysis is the number of patients classified as having MI. In the 2002 publication this was diagnosed in 185 patients. This rises to over 600 in the 2006 manuscript. This enormous difference is because electrophysiological data were used only in the latter analysis, the enzyme data (creatine kinase MB isoform concentration) used in the earlier article were excluded. It is impossible to determine from the 2006 manuscript if this exclusion bias altered the interpretation and conclusion of an increase in MI in aprotinin treated patients having primary surgery.
More important is the data for mortality, which has a universally accepted definition. There were 164 deaths in 5065 patients reported in 2002 [25] . This falls to about 110-115 of the 4374 patients included in the new analysis [1] . This suggests that about 50 deaths occurred in the 691 patients were excluded from the most recent analysis. The mortality rate in the excluded patients was therefore about 3 times higher than the overall rate of 2-3%. Most F i n l a n d 
Figure 1.
Non-risk adjusted renal dysfunction rates [1, 30, [32] [33] [34] .
clinicians would consider that exclusion of about 30% of the overall deaths must lead to some bias in the conclusions especially as nearly 50% of these excluded patients had received epsilon-aminocaproic acid and were therefore patients predominantly treated in North American centres. This last figure is based on the differences between numbers of drug treated patients in the two manuscripts discussed above. Nonetheless the authors claim to overcome the apparent selection bias by the use of two statistical methods -multivariate regression analysis and comparison using propensity scores. While the use of these methods to control selection bias is valid, it does not completely remove the bias. Therefore, it is necessary to examine in some detail the assumptions for statistical methods and how the data has been handled.
It is obvious that discussion of the data analysed without and with risk adjustment leads to large differences in how it could be interpreted. In the text of the 2006 article the authors wrote 'Among the 3013 patients undergoing primary surgery, aprotinin, but not aminocaproic acid or tranexamic acid, was associated with the risk of death (2.8% vs. 1.3%, P ϭ 0.02)'. They follow this with similar comparisons showing worse outcomes for cardiovascular, cerebrovascular and renal end-points in aprotinin treated patients. But in the tabulated results, there are completely different numbers. The P value for the risk of death with aprotinin vs. control in primary patients is 0.22. The risk for death (P ϭ 0.66), cardiovascular (P ϭ 0.67) and cerebrovascular (P ϭ 0.41) events after complex surgery (the licensed indication for use) are not significant statistically. It is difficult to come to a coherent theory as to why the use of aprotinin alone demonstrated significantly increased ischaemic events only in patients having primary surgeries if this effect is as a direct effect of the drug.
Multivariate analysis is used to identify the contributions of multiple factors (confounders) both individually and in combination to one or more outcomes. Logistic regression is used when the outcome variable is dichotomous, i.e. it can take on only two different values. The goal of regression analysis is to correctly predict outcome using the simplest possible model. The crucial step in this process is the creation of a mathematical model, with all the predictor variables. The data in this study has been analysed using a technique called stepwise regression, where a socalled fully saturated model (i.e. one in which there are as many parameters as unknowns) is created followed by stepwise reduction of data, with retesting at each stage. The authors have used exploratory testing, which is used when there is no a priori hypothesis about the model, and the contributions of the factors or the nature of the model is unknown.
Propensity score is the propensity towards (probability of) belonging to one group and not the other. For example, in a population with 1 male and 9 females the propensity score for being a female would be 0.9. Propensity scores are used to handle selection bias in observational studies by matching patients based on specific characteristic propensity scores. However, if the number of observed characteristics is high as in this study, matching is not practical especially if there is a large selection bias (those patients with a perceived higher bleeding risk are more likely to receive aprotinin). In this circumstance a composite propensity score is created using all the characteristics, and matching is done on the basis of this composite score. Propensity scores were created using multivariable regression analysis on the data. By using regression analysis, the probability of a patient receiving aprotinin is identified given the clinical risk factors (in the methods section the article states 45 factors were identified as determining treatment but they are not defined). The model also needs to be balanced for the covariates. When the propensity score has been created, it can be used to standardize the two comparison groups. Propensity score can be used in three ways: matching, stratification or as one of the factors in regression analysis to compare outcomes. This is what the recent study has used. The caveat, which cannot be over-emphasized is the use of propensity score in this way assumes the model included ALL covariates and confounders.
The key assumption with these techniques is therefore the validity of the model. The interpretation of results from this multivariable model depends on both the choice of factors and the order in which these factors were added or subtracted within this model. The potential problem of interpretation from such modelling is highlighted when considering the risk factors for developing renal dysfunction.
We do know that a large amount of data was collected. Despite this when the model for developing renal dysfunction/failure was created, an additional 410 patients data were excluded as their dataset was incomplete for one or more factors used in developing a propensity score to include in the model. Overall the recent NEJM article has excluded nearly 20% of the patients presented in the original published analysis of the McSPI database.
In addition, how the predictive factors in the model for renal impairment were chosen is not known. A number of critically important issues stem from the choice of factors in the model. First the use of aspirin does not feature as a protective factor for renal dysfunction in the 2006 analysis [1] . This is despite the same dataset being used to demonstrate a 60% reduction in renal dysfunction associated with aspirin use in the prior McSPI publication in the NEJM [25] . This leads the reader to question if there was a difference in confounding variables used in the model developed for the 2006 analysis compared with those developed for prior publications by the McSPI group. Obviously the multivariable and logistic regression models used previously cannot apply if criteria have been changed without obvious consistency and in an apparently idiosyncratic manner. The alternate explanation is that the exclusion of data from over 1000 patients for the 2006 analysis compared with the earlier publication removed the effect of aspirin as a protective agent on renal outcomes. In this case this questions the validity of the conclusion from the McSPI group that aspirin therapy has a universal organ protective action after heart surgery.
Second, the renal failure model identified use of fresh frozen plasma (FFP) as a risk factor with odds ratios almost identical to that for the aprotinin risk without and in the presence of propensity adjusted covariates. What conclusions are we to draw from this? Are we to infer that the use of FFP somehow affects renal outcome as a transfusion associated reaction? Nobody doubts the existence of transfusion related acute lung injury (TRALI) but have we missed FFP related renal injury? Is it not more likely that FFP was used in patients with more bleeding and thus there was a worse renal outcome because of relative reductions in renal perfusion possibly associated with hypovolaemia? Unfortunately, we cannot answer this question without knowing the steps the authors used in the creation of the model. If the use of FFP was associated with bleeding and not an immune mediated nephrotoxic action, then is it reasonable to infer that these patients were more likely to receive aprotinin, and any association between aprotinin and renal outcomes were confounded by the perfusion defects? This problem, termed colinearity, occurs when variables are so highly correlated that minor changes in one independent variable will have a major impact on the weighting of others. This could be a critically important issue in interpreting the conclusions from this article. Without the actual data together with some knowledge of how it was manipulated must lead the reader to assume that there are significant errors to be considered.
A further problem with the data analysis is that the models generated and their analysis appears to give equal weight to data from low volume programmes as those from high volume institutions. In addition the data shown in Table 1 taken from the authors prior publication [26] shows marked differences between countries as to the contributions made by these centres and the ischaemic outcomes by participating country.
Simple mathematical manipulation from these data and those presented in the 2002 McSPI article [25] reveal that 80 deaths occurred in the remaining 1885 patients not included in Table 1 and eligible for analysis. This gives a mortality rate of 4.2% in this cohort. These 1885 patients had their surgery in one of 20 centres in 13 countries (an average n of 94 patients contributed per centre).
There are also large differences between countries in approaches to therapy (crucial to the propensity assumptions). Two examples illustrate this problem. First during the time of data collection, epsilonaminocaproic acid could not be given to human beings in the UK or Germany and this agent has been withdrawn from the market by the manufacturer in Canada. Likewise aprotinin was not available for human use in Italy.
Second, and related to need for renal support, a recent article from Germany [31] reported on data from over 8000 patients having primary isolated myocardial revascularization at that centre. The authors showed that their rate of renal replacement therapy (haemofiltration) with normal renal function preoperatively was 4.8%. The incidence quoted in patients with abnormal preoperative renal function was 15.8%. These figures may seem high to many readers but they reflect a trend in many centres to aggressively correct fluid and electrolyte balance using haemofiltration prior to biochemical evidence of overt renal impairment. Could this in part explain why nearly one in 5 patients who received high dose aprotinin therapy were reported to have developed 'renal failure' and one in 20 required dialysis?
Finally, when considering exclusion bias in the analysis, the article has a figure showing a statistically significant dose-dependent effect of aprotinin therapy on renal and cardiovascular outcome. These data were from 596 patients given aprotinin therapy. The figure does not differentiate between primary and complex surgery. It is left to the reader to speculate if this neat relationship would still be apparent if the data from the other 699 patients who received aprotinin had been included.
Notwithstanding the problems of interpreting how the data were analysed, the fundamental message (to lawyers and others that may have only read the abstract) is that aprotinin is nephrotoxic. Let us specifically examine these data and the conclusions drawn.
Studies have been reported from various countries that have investigated the relationship between evidence of postoperative biochemical renal impairment and preoperative risk. These articles can be used to show the likely proportion of patients with postoperative renal impairment based on a large rise in plasma creatinine or a rise above an absolute value. Data preented from Italy [32] (n ϭ 2009, criteria ϭ creatinine Ͼ177 µmol L Ϫ1 ), Portugal [33] (n ϭ 2445, criteria ϭ creatinine rise of Ͼ80 µmol with maximum value Ͼ177 µmol), Finland [34] (n ϭ 815, criteria ϭ 2-fold rise or Ͼ100 µmol L Ϫ1 rise), Duke University Medical Centre in the USA [35] (n ϭ 2672, criteria ϭ rise of Ͼ88 µmol L Ϫ1 ) and the original McSPI epidemiology 1 dataset [30] that reported on 2222 patients using the same criteria as in the current article of either a rise of Ͼ62 mmol L Ϫ1 or an absolute value of Ͼ177 µmol L Ϫ1 . If the data from these studies are now plotted together with the data shown in the 2006 NEJM article for non-risk adjusted renal dysfunction rates then the following figure is produced (Fig. 1) .
This figure appears to show that the increased risk of renal dysfunction attributed to aprotinin use was more because of a significant reduction in the value for the no drug groups than previously published by McSPI and other groups. Instead of trying to explain this, the authors discuss data from studies in rats from the 1960s to the 1980s. Cellular effects of aprotinin upon renal cells in rats tested without CPB or anticoagulation in the 1960-1980s may have little relevance to the current argument. A more contemporary study is reported from Stanford University in 183 patients who survived more than 24 h after surgery that included a period of deep hypothermic circulatory arrest. The article [36] failed to show any association (P ϭ 0.95) between renal failure and the use of aprotinin in this setting. What has surprised many observers is that Mangano and colleagues did not discuss these results despite funding by the IREF/McSPI system and with the same statistician conducting the statistical analysis of this and the 2006 NEJM article.
Data from a single centre analysis. A second article also appeared early in 2006 [4] that has been quoted as suggesting aprotinin therapy was associated with significant renal impairment. This analysis included data from over 10 000 patients having cardiac surgery at the Toronto General Hospital. The study was not specifically designed to investigate safety issues but was specifically intended to show non-inferiority of tranexamic acid when compared to aprotinin using transfusions as the end-point. A total of 10 294 patients received tranexamic acid and 586 received high dose aprotinin. The authors accepted that aprotinin was used in much higher risk patients and also used a propensity score based on transfusion risk to match the groups. After this matching a comparison was made between 449 patients allocated to each treatment. In other words a match could not be found for 137 patients (23%) given aprotinin based on their very high transfusion risk. Of the patients eventually included over 70% had complex surgery, 50% were reoperations through a prior sternotomy, 12% had a period of circulatory arrest, 16% were having emergency surgery and 6% had endocarditis. This patient population is obviously different to that reported from the McSPI database analysis. Acute renal failure was defined as a new requirement for dialysis support; acute renal dysfunction was defined as a greater than 50% increase in creatinine concentration during the first postoperative week to more than 100 µmol L Ϫ1 (1.13 mg dL Ϫ1 ) in female and greater 110 µmol L Ϫ1 in male (1.24 mg dL Ϫ1 ). The reader will note that these values are within the laboratory normal range. One hundred and seven of 449 aprotinin treated patients (24%) and 75 of the 449 patients given tranexamic acid (17%) fulfilled these criteria (P ϭ 0.01). However when considering the need for new dialysis in those patients with normal preoperative renal function the data showed this was necessary in 11 of 339 patients allocated to aprotinin and 6 of 323 patients in the tranexamic acid group (P ϭ 0.3). Corresponding data for those with abnormal preoperative renal function were 14 of 110 aprotinin and 6 of 186 tranexamic acid (P ϭ 0.1). The observation from these very high risk patients of a significantly greater number with a rise in plasma creatinine in the early postoperative period but without a statistically increased risk for dialysis is in keeping with prior publications [19] and also three meta-analyses where renal function was a specific end-point [6, 7, 37] .
So, what should the members of the caring team conclude or do in light of these recent publications? The McSPI/IREF data are presented by well-known authors and published in a reputed journal so what conclusions can be drawn? Because of the critical underlying problems of selection bias, which was not completely removed by the statistical methods, we can only conclude that aprotinin administration prior to cardiac surgery and raised biochemical markers of renal dysfunction are correlated. The data presented can never be used to show causality. Raised biochemical markers were also shown in prior studies submitted to the FDA and it was concluded this had little if any clinical relevance. The conclusions of the NEJM paper regarding renal dysfunction should therefore be considered only as a hypothesis and not as a definitive answer. The total of the data based associations in this study should be digested and compared with over 500 papers on cardiac surgery and the use of aprotinin. Everyone should read the article carefully and in light of what data are present and what are missing, ask themselves whether they agree or support the conclusions. The FDA have not withdrawn the drug from use during their investigations nor have they suggested that clinicians should stop using the drug if they consider that the risks of transfusion and bleeding in a particular patient scenario are high. In the meantime it is recognized that transfusions alone confer an increased immediate [38, 39] and long-term risk [40] [41] [42] to the patient. The risks of death, perioperative infection, respiratory and renal failure, length of intensive care unit (ICU) and hospital stay all worsen with more transfusion [39] . No transfusion data are presented in the NEJM paper.
If the NEJM article is incorrect and patients suffer increased transfusions leading to renal failure, and death because aprotinin therapy was withheld due to a fear of litigation what debt is owed to our patients for such information?
